The interplay mechanism between electromagnetic (EM) and electrostatic (ES) turbulence is explored using direct gyrofluid simulations of mixed resistive magnetohydrodynamic (MHD) and ion-scale microinstability. With an elucidation based on a minimal model, we propose a new concept of cross-scale dynamo action induced by microturbulence as the mechanism responsible for the interaction between multiscale ES and EM turbulence. The dynamo appears as a novel magnetic island seesaw oscillation pivoting around the singular surface. This island seesaw mechanism may be applicable to relaxation of mode locking in tokamaks to mitigate major disruptions, suggesting a promising nonlinear approach to plasma control. MHD and microturbulence are common fluctuations in tokamaks and stellarators; they are important in plasma equilibrium, control, and confinement performance and have been studied for many decades. Electromagnetic (EM) MHD fluctuations are dominated by magnetic dynamics and reconnection. Microturbulence is characterized by electrostatic (ES) turbulence with flow dynamics. Renewed interest has arisen recently in the multiscale nonlinear interaction among them [1] [2] [3] [4] [5] [6] [7] [8] [9] . This is a natural concern in fusion devices. MHD perturbations, especially those with large magnetic islands, may modify the equilibrium configuration, likely affecting the microinstability, and island dynamics and magnetic reconnection may change in a turbulent environment with small-scale fluctuations. The interplay between ES microturbulence and the EM MHD mode should become prominent owing to highly complex nonlinearity, particularly in future fusion reactors such as ITER. It may further create new nonlinear dynamics.
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Of particular interest are the interaction mechanism and energy-exchange channel between ES and EM turbulence with different scales. A typical EM environment including ES potential is described by the full MHD equation in many astrophysical bodies [10] , in which dynamo action plays a key role in transforming kinetic energy into magnetic energy. In kinematic dynamo theory, the dynamo current and field are induced by a given stationary flow. This process might provide new insights into the abovementioned concerns in a multiscale dynamic system.
In this Rapid Communications, we report a novel result based on direct gyrofluid simulation of mixed resistive MHD and ion temperature gradient (ITG) driven turbulence. We propose the new concept of cross-scale dynamo action induced by microturbulence to understand the unauthor's e-mail: lijq@energy.kyoto-u.ac.jp derlying interaction between multiscale ES and EM turbulence due to different instabilities. A promising application to plasma control is suggested.
Simulations are performed using an initial value code in a current sheet based on a five-field gyrofluid model [6] . The resistive tearing mode [11] and ITG instability [12] are consistently involved. The details of the physical model and simulation setting have been described in [6] , which emphasized the oscillatory nature of zonal flow dynamics. Here, the focus is mainly on the island dynamics. A prominent magnetic island oscillation is commonly observed in the final nonlinear stage with a fully reconnected island (namely, with larger tearing instability parameter Δ [11] ), showing a dynamic quasi-steady state. A typical simulation with ion temperature gradient parameter η i = 2.0 and resistivity η = 5 × 10 −4 is specified. The island oscillation is visualized by a movie of island evolution, and much more clearly, by snapshots of the dominant flux component m = 1. The oscillation occurs as pivoting along the singular surface like a seesaw (referred to hereafter as an island seesaw). The averaged EM torque [13] 
exerted on the island by the fluctuating EM force in the y direction increases dramatically and tends to oscillate in time in the quasi-steady state, as shown in Fig. 1 (a) , synchronizing with the island seesaw. The EM torque and seesaw amplitude increase with increasing η i . For smaller Δ , reconnection also occurs, but the island is saturated at small width, so the magnetic island remains static regardless of the ITG intensity.
To explore the island seesaw mechanism, we propose a minimal model consisting of the reduced MHD equations [11, 13] with the normalization for drift waves 
and an independently evolving ITG eigenmode [12] ,
The latter, representing microturbulence, is involved in the Poisson brackets through
2 ) corresponds to the complex eigenvalue Ω. σ denotes the parametric dependence, and the Hermite function H (n) determines the radial parity of the ITG eigenmode. Using the kinematic dynamo theory [10] , the level of φ ITG can be artificially chosen following Eq. (4) as a given flow component considering the ITG spectral features resulting from the inverse cascade in time and space.
Modeling simulations are performed using the same parameters and numerical setting as in Fig. 1 (a) . An island seesaw similar to that in the direct simulations is observed only when φ ITG has radial even parity. The seesaw amplitude and oscillatory EM torque increase with increasing φ ITG , showing the same dependence on the ITG mode as in the direct simulations. The seesaw oscillation is characterized by the real frequency Ω of the ITG mode. Note that in mixed MHD and ITG turbulence [6] , the ITG spectrum connects smoothly with the MHD, showing that the ITG energy spectra are widely scattered because of nonlinear coupling. Here, we may assume an effective ITG mode to represent the whole turbulence. One multifold scan of Ω, k ITG y , and the ITG amplitude in the modeling simulation shows a best-matching eigenvalue k ITG y = 0.3 and Ω/ω * ≈ 0.08. The corresponding T EMyẑ is plotted in Fig. 1 (b) , exhibiting similar behavior as in Fig. 1 (a) , but with smaller amplitude because the single mode was selected. A full reconnection occurs, so the island behaves like a balloon floating in the air. The underlying mechanism may be understood through the new concept of crossscale dynamo action introduced here.
In Eq. (3), the magnetic flux responds to the interplay of the microscale φ ITG through the induction term to create a dynamo current component j D . The MHD flow φ MHD is influenced mainly by the Maxwell stress in Eq. (2) due to the dynamo components (simulations have shown The dynamo here is induced by a dynamic potential due to microturbulence, qualitatively different from those in kinematic dynamo theory [10] . The breaking of the MHD current symmetry is visualized in Fig. 2 (a) . If a radial odd parity φ ITG is applied, all field components induced by the cross-scale dynamo action maintain the same tearing parity, as shown in Fig. 2 (b) . The EM torques, T EMyẑ , on both sides of the singular surface have the same magnitude and almost cancel out each other owing to their opposed directions. Now it becomes clear that a dynamo current with only a radial odd-parity component may produce a non-zero oscillatory EM torque T EMyẑ to drive the island seesaw.
In conclusion, a new concept of cross-scale dynamo action induced by microturbulence is shown to be responsible for an island seesaw oscillation pivoting around the singular surface in multiscale ES and EM turbulence. The island seesaw may not only demonstrate a new energyexchange channel between ES and EM turbulence due to different instabilities, but also can likely be applied to relaxation of mode locking in tokamaks to mitigate major disruptions, suggesting a promising nonlinear approach to plasma control. This work was supported by the Grant-in-Aid from JSPS (No. 19560828 and No. 21340171 ).
